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Executive Summary

Benthic macroinvertebrates are small animateludinginsects, worms, snails, crustaceans,

and clamsthat live in or near stream bedsThese animalsan be used as awverallindicator

of the health ofaquatic life ina strean because they are affected by all the environmental
conditions present in a stream. Since these conditions are strongly affected by land uses and
activities in the area draining to the stream (i.e., the watershed), the conditidewthic
macroirvertebratesis sometimes correlated with those land uses and activities. When such
correlations can be made, the information can be used to identify specific actions that might
improveaquatic life

The type, number, and characteristicsb@nthic macroinertebratespecies at docation can be
given a numerical score from 1 to 100 using a scoring method known as the Puget Lowland
Benthic Index of Biotic Integrity, orIBl. The BBI scoraneasures how well the benthic
macroinvertebrate community is doing a streamThe BIBI scorgange is divided into five
conditioncategories: Very Poor (€19), Poor (2689), Fair (469), Good (6€/9),and Excellent
(80-100) Condition categoriegeflecttraits of benthicmacranvertebrate species and

populations andisuallythe severity of impact due to changes in water quality, physical habitat,
and accumulation of toxins in the water and sediment

Snohomish County Department of Public Works, Surface Water Management Division (SWM)
collected benthic macroinvertebratsamples to calculat®-1Bl scoresluringa 10year period

The study wasonductedwithin the unincorporated Snohomish County area of three Water
Resource Inventory Areas (WRIAS): the Stillaguamish River watershed (WRIA 5), the Snohomish
River watershedWRIA 7), and the Ced&ammamish watershed (WRIA &Jmost all of the
studyarea in WRIAs 5 andcontairs rural or forestand use while thestudyarea in WRIA 8 is

much more developed.

The overall status aiquatic lifebased orB-I1BI scores asassesedfor each WRIAtudyarea
andaquatic life statusvas compared among the WRIASrends (how scores change through
time) were assesseat the WRIA scaley samplinghe samesites in each of three different
yearsduring the span of the 1@ear period

The overalhquatic lifestatus ofthe areastudiedin WRIA 5 and 7 was in the Good score
category while theoverallaquatic lifestatus ofthe studyarea inWRIA8 was in the Poor score
category These results arexpected giverthe general land uspatterns and level of
development among the areas studied. The area studied in WRIA 8 contains a significant
amount of urbanized area, with more impervious surfaces, motor vehicle traffic, and road
density relative to thestudiedareas in WRIAs 5 and Thesecharacteristicdend toresult in
more altered stream hydrology (higher flows during storms,angome circumstancekgwer
flows between storm$ and more pollutiorenteringthe streams.

There was neonsistenttime trend (improving or decliningh iB1BI scores from any of the
three WRIAs studied. Furthehdre was n@wommonpattern through time in BIBI scores for
individualsampling sitesn any of the WRIAshough BIBI scores in later years tended to be
higherfor many sites. The resulisdicate thatlargescale factorsuch aslimate (e.g., drought)



did notuniversallyinfluenceall sitesthe same way and thatifferences inocalsite-scale
factorssuch aglow, habitat or water qualitywere important

That being the case, score variatyilcannot be readily linked tsite-specificstressors or cas

as that level of effort was not included in this studyerefore,in the future,the variability in
conditions at BBI sites should separately be measured in order to characterize thebjmssi
site-specificand yearspecificinfluences on BBI scoresObtaining a better understanding of

site conditions yearto-year changeand watershed effects that change BIBI scores will help to
develop strategies for improving aquatic life.



1 Introduction

Macroinvertebrates are animals that do not have a backboneardarge enough to bseen

with the naked eye Benthic macroinvertebrates live in or near a streambed and include
insects, worms, snails, crustaceans, and clams. Benthic macroinveeshratised as an
overallindicatorof the healthof aquatic life in a stre@ because they spend most or all of their
life in a stream and are thus affected by the entire scope of environmental conditions present
in a stream. Since the conditions in aestm are in large part a function of land use and
activities in the land draining to the stream (i.e., the watershed), the condition db¢néhic
macroinvertebratecommunity can sometimes be correlated withpactsassociated withthose
land uses and adtities. When such correlations can be made, the information can be used to
identify specific actions that might improve stream health

The Puget Lowland Benthic Index of Biotic Integatyg-1BI, was developed in the 1990s to
evaluatethe health of agatic life instreanswithin the Pacific NorthwesiTheB-IBI uses the
composition of thebenthicmacroinvertebrate community, includirtbe number, type, and
characteristicof species presento evaluate the overall health @quatic life ina streamand
assign a numeric score based on that evaluafidre specific characteristics evaluatmudthe
method of scoring areidcussedn Chapter 2More information isavailableon the Puget Sound
Steam Benthos websitéttps://www.pugetsoundstreambenthos.org/AbotBIBl.aspx

Snohomish County Department of Public Works, Surface Water Management Division (SWM)
collected benthic macroinvertebrate samplesdalculate BBIscores during 10year period

The study was conductealithin the unincorporated Snohomish County area of three Water
Resource Inventory Areas (WRIAS): the Stillaguamish River watershed (WRIA 5), the Snohomish
River watershed (WRIA 7), and the CeBammamish watershed (WRBA The overall status

of the health ofaquatic life based oB-IBI scores wsassessedor each WRIA and compared

among the WRIAsTrends (how scores change through tinreaquatic lifeconditionswere

assessedat the individual site scale arat the WRIA scalby samplinghe same sites in each of

three different years.

Chapter 2 of this report describes the sampite selection, sampling protocolsporatory
analysis methods,-BI scorecalculation methogdand data analyses performed for this @i

Chapter 3 describes thelBI data collecte@ndthe status and trends adquatic lifebased on
those data

Chapter 4 presents conclusions that can be drawn from the results of this study.

HEALTIDFBENTHI®IACROINVERTEBRANST REAMSFSNOHOMISBOUNTY
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2  Project Methodology

2.1 Samplingstrategy

Sampling was pedrmedwithin the unincorporated Snohomish County area of the
Stillaguamish River watershed (WRIA 5), the Snohomish River watershed (WRIA 7), and the
CedarSammamish watershed (WRIA &)s a rule, samples were collected in only one WRIA
per year, accordintp the schedulen Tablel.

TABLEL - SAMPLINGSCHEDULE

WRIA {0[0)5) 2006 2007 2008 2009 2010 2011 2012
5 Year 1 Year 2 Year 3
7 Year 1 Year 2 Year 3
8 Year 1 Year 2 Year 3

For brevity,i KS G SN & 2 whis feport th meardhat&rBa ohayWRIAithin
unincorporated Snohomish Countyhich is the area theamples are intended to represent.
As shown inable 2, the majority of WRIA and half of WRIA are within Snohomish County
and most of that area is unincorporated. In contrast, only 18WRfA 8 lies withisnohomish
County, andbverone third of thattotal areaisunincorporated ip cities).

TABLEZ - PERCENTAGE WRIAAREA WITHISNOHOMISHOOUNTY

WRIA % of WRIA in % of WR_’IA in Snohomish
Snohomish Qmty  Caunty unincorporated area

5 73% 72%

7 51% 47%

8 18% 11%

2.2 Sample site selection

Sampling sites were selecteding two different methodso that both status and trends could
be evaluated

Gl Gdzaé¢ arisSa oSNB &St StdénSiiRthedzatifeime distretdt Y R2 YA T S
conditions in the WRIvere represented The project plarset a goal ofamplingl5 status

sites ina WRIAN eachof the three scheduledamplingyears, which would result in a total of

45 status samples foreach WRIBtatusa A 1 Sa 6 SNBE aSt SO4 SRSIGYAY R NEI
a site already sampled could be reselected in subsequeats of samplinghisdid infact

happenin each WRIA.

aTrenck sites wereselecked using a twestep process.The first step was to identify set of sites
using thesamerandomized methodliscussed aboveThe, thesesites werefurther evaluated
for logistics and other considerationEhe project plan called faeledion of 15 trend sites in
each WRIASamples were to be collected from these sites in each of the three scheduled
sampling years, for a total of 45 trend samples for each WRIA

2.3 Sampk collection protocols

Benthic macroinvertebrate sampling procedures and sample processing followed tloeqis
RSAONAOSR Ay {2aQa CNBaAKgl GSNI {GNBlFYa .SYyakKAo
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Sampling and Analysis Plan (Britstlal, 2010). Protocols and procedures for sampling

benthic macroinvertebrates are consistent those described in the Washingate St

Department of Ecology Program, Benthic Macroinvertebrate Biological Monitoring Protocols for
Rivers and Streams (Plotnikoff and Wiseman, 2001).

From 2005 through 2012, benthic macroinvertebrates were collected from %08 fiffle
habitat area, whilen 2013 and 2014 benthic invertebrates were collected fron? 8ffriffle
habitat area. This change increased the praligithat most sites sampled would meet the
desired target of 500 organismd’he change was also in accord with an effort to statida
sampling protocols among government agencikgg County2014) compared BIBI scores
obtained using & ft> samplingarea versusn 8 ft> samplingareaand foundno bias in BBI
scoresobtained from thedifferent sampling areas

2.4 Laboratory analysis methods

Each lenthic macroinvertebrate sampleaganalyzedoy a contract laboratoryo determine a
B-IBI score. The score is based on the biological metrics Iiseabie3. Each metric is given a
numericd score, and the scores are combined into a total score for the saniplele3 also
summarizes the predicted response of each metric to environmental impairments.

Thecurrent BIBIscoring systendlivides the 108point score rangento five condition
categories: Very Poor (€19), Poor (2€89), Fair (469), Good (6€r9), Excellent (8Q00). Table
4 presents ggeneral description of the aquatic life conditions associated wétthescore range.

When this project started, the-BBl scoring system had a score range frorb@0 During the
project, the BIBI scoring system was revised to use a score range ffbd®0 Scores for this
project that were calculated using the -BD scomg system were recalculated using th€.00
system.

HEALTIDFBENTHI®IACROINVERTEBRANST REAMSFSNOHOMISBOUNTY
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TABLE3 - BOMETRICS THAT COMEQ HPUGETSOUNDBENTHIENDEX OBIOTIANTEGRIT(B-1BI)

Biometric

Definition

Predicted Response to

Total Taxa Richness
(Countof all taxa)

Ephemeroptera Taxa Richness
(Count of Ephemeroptera taxa)

Plecoptera Taxa Richness
(Count of Plecoptera taxa)

Trichoptera Taxa Richness
(Count of Trichoptera taxa)

Intolerant Taxa Richness
(Count of intolerant taxa)
Clinger Taxa Richness and
Percent

(Count of Clinger taxa and
percent of the total sample
LongLived Taxa Richness
(Count of longived taxa)

Percent Tolerant

Percent Predator

Percent Dominance

Saurce Plotnikoff and Blizard (2013)

A measure of the number of

kinds of organisms (taxa) in a
collection.
Number of mayfly taxa.

Number of stonefly taxa.

Number of caddisfly taxa.

Number of genera that are
sensitive to pollutants
Number of taxahat cling to
smooth surface fast water,
and live in spaces between
rocks in the stream bed
Number of taxa thalive
multiple years in thevater
beforeleaving the watels
adults.

Percentage of taxa that are
more tolerant of pollution

Percentage of taxa that prey or
other agquatic organisms.
Percentage of theingle most
abundant taxorrelative to

other taxa

Impairment

Decreasen number of taxa

Decreasén number ofmayfly
taxaasmayfliesare pollution-
sensitive with the exception of
the Baetidadamily.
Decreasén number of taxas
stonefliesare pollution-
sensitive

Decreaseén number of taxas
caddisflies argoollution-
sensitive with the exception of
the Limnephilidae family
Decreasén number of
pollution-sensitive genera
Decreasén number of taxa due
to disturbance of streambed
sediment or deposition of fine
sediment

Decreasén number oftaxathat
live two or more years in the
water.

Usually an increase in
percentageof pollution-tolerant
taxa

Deaeasein percentage of
predatory taxa

Higher percentage of the most
abundant taxon, which with
impairments to a stream tends
to be an impairmertolerant
taxon.

HEALTIOFBENTHI®IACROINVERTEBRANST REAMSFSNOHOMISBOUNTY
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TABLEA - B-IBISCORE INFORMATION

Scorerange
classification

Score range General description of aquatic life in score range

1
1

Comparable to least disturbed reference conditio

Overall high taxa diversity, particularly of mayflies, stoneflies
caddisfliesandlonglived, clinger, and intolerant tax

High elative abundance of predators

Excellent 80¢ 100

Slightly divergent from least disturbed condition

Absence of some lonlivedand intolerant taxa

Sight decline in richness of mayflies, stoneflies, and caddisfl
Increased poportion of tolerant taxa

Good 60¢ 79

=A =444 A

Total taxa richness reducgpglarticularly intolerant, longdived,
Bl 40¢ 59 stonefly, and_cllnger taxa

Reduced elative abundance of predators

Proportion of tolerant taxa continues to increase

Overall taxa diversityeduced

Greatly reduced mportion of predatorsandlonglived taxa
richness

Few stoneflies or intolerant taxa present

Dominance by three most abaiant taxa often very high

= =4 4 A

Poor 20¢ 39

= =

1 Overall taxa diversity very low and dominated by a few highl'
019 tolerant taxa
Mayfly, stonefly, caddisfly, clinger, lofiged, and intolerant
taxa largely absent
1 Relative abundance of predators very low

Very Poor

Information source: Puget Sound Stream Benthos weldsites://www.pugetsoundstreambenthos.org/AbotBIBl.aspx

25 Data analyses
25.1 Status of aquatic life based on-BI scores

Thestatusof benthic macroinvertebrateommunitiesof each WRIA was determined usindgdE
scores from all status site datatime WRIA. Trend site data were excludéthe status data
were assessed by plotting them @umulative Distribution Functio(CDF) curvesvhich show

the percentage of thesamplesn each WRIA that are at or below a givetBBscoreTwo-

Factor Analysis of Variance (ANOVA) was uségstavhetherthe status scores for any WRIA
as a grou@nd by yeardiffer from the scores of another WRIA his analysis was performed so
that it could be determined if there was difference between WRIAsndyears, at the 95%
confidencelevel. A 95% confidence level means thiagre isonlya 5% chance of incorrectly
concludinghere isa difference.

25.2 Trend determinations

Time trends inbenthic macroinvertebrate communitiesere determined using data from sites
from which useable data were collected in all three sampling , yegjardless of whether the
sites were iniially consideredstatus sitesor dtrende sites.

HEALTIOFBENTHIMACROINVERTEBRANST REAMSFSNOHOMISBOUNTY
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Two types of satisticalanaly®s were used to evaluate trends. Fistank correlation test was
used to determine whether there was a trend iAB scores within each WRIA over the entire
10-year period of sampling. Second, a pairdddt was used to determine whiger there were
trends in subsets of thdata in a WRIA (e.g., sampling Year 2 and sampdiag3rper Table },
regardless of whether the rank correlation test identified an overall trend for the entirgeHd
period. A lack of a common patterin trendsindicatesthat variability at each site is less likely
to be due to a single causend is more likely to be due to localized factors, such as habitat or
water quality impacts that vary from ye#o-year.Both of these analyses were performed using
a sitistical confidence of 95%

HEALTIDFBENTHI®IACROINVERTEBRANST REAMSFSNOHOMISBOUNTY
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3 Results

3.1 Samplescollected

Between 2005 and 201255 B-IBlsampleswere collectedrom 133 sites 223 of these
samples, collected from PXites, were used determine status atrdnds. The remaining2
samples were not used for analyses. Ten of ti8&ssamples (3 from status sites and 7 from
trend sites) were rejected due to a low number of aquatigasrisms Data from the remaining
22 samples were from trend sites at which 3 uskasamples were not collectedhe rejection
of samples foalow number of aquatic organisms was carried out in accordance with the

2 aKAy3ad2y {dF GS 5\8addr QuAality Bsfdssmart Poicyp2 f 2 38 Qa

Figures X 3 show the location of all sampling sites.

Table 5shows all site samplescores including thosdor which the data were rejectedr not
used for analyses.

3.2 Satus of benthic macroinvertebrate communities

Theconditionof benthic macroinvertebrate communities represented by 8Bl scores from
samples collected adtatus sites.Data from trend sites were not used determine statusas
the additional criteriaused to select trend sitesould resultin bias which means that the trend
site scores could systematically be higher or lower than scores at status sites.

As noted the project plan set a goal obllecting samples dt5 status sitesn each WRIA for
each year sampled, or a total of 13%&ts samples for the projectHowever, onlyl24 status
samplesvere collected, at a total of 8unique sites (some status sites were repeatedly
selected by the randomized proces$)f those samples, 121 met quality control standards and
thus the data wee considerediseadle; data from the other 3 samples were rejected.

Table5 showsstatus site sample count by WRAAd the mean, median, high, and low H
scores for each WRIA.

TABLED - STATUS SITE INFORMMN IANDB-IBISCORE STATISTICS
Total Total Usealbe

status status S Mean Median High
sites samples samples

WRIA 5 28 41 41 64 62 89 35

WRIA 7 33 37 37 60 60 99 14

WRIA8 27 46 43 30 30 73 1
Total 88 124 121

The mean BBI score in WRIA 5 was 64, in the low end of the Good score radgé sé&res in
WRIA 5 ranged from 35 (low end of Poor range) to 89 (middle of Excellent range).

The mean BBI score in WRIA 7 was 60, which is the lowest scdiredbood range. I
scores in WRIA 7 ranged from 14 (upper end of Very Poor range) to 99 (top of Excellent range).

The mean BBI score in WRIA 8 wa8, 3vhich is the middle of the Poor range:IHB scores in
WRIA 8 ranged from 1 (bottom of Very Poange) to 73 (middle of Good range).

HEALTIFBENTHI®IACROINVERTEBRANET REAMSGFSNOHOMISHOUNTY
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FHGURR - SAMPLING SITESWRIAY.
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